SIR -Psychiatric conditions are generally assumed to involve a complex interplay of multiple genetic and environmental risk factors. However, a review of association studies published in Molecular Psychiatry shows that this complexity receives very little attention. We argue that the use of statistical modeling techniques to integrate measured genotypes in etiological models of behavior and mental health will: (a) facilitate the detection of genes; and (b) improve our understanding of psychiatric conditions.
The evidence from family studies indicating that genetic factors are involved in psychiatric conditions seems to justify the current worldwide research effort to identify the specific allelic variants. A frequently used approach is to type loci on the basis of a biological argument or previous evidence from a linkage scan, and examine whether its alleles are statistically related to the phenotype. In Table 1 we categorized all such association studies published in 2000 in Molecular Psychiatry. Only studies that presented original data and involved health and behavioral outcomes in humans were considered. The first category pertained to studies that tested for effects on the prevalence or means of a single phenotype using the genotype as the sole 'independent' variable. These studies typically performed tests for differences in genotype-haplotype frequencies in cases and controls, preferential transmission of the high risk allele from parents to cases, or differences in the means of genotype groups. The second category involved studies with multiple risk factors. These studies typically used logistic or multiple regression. A further distinction was made to indicate whether the additional risk variables were: (1) the demographic characteristics sex, age, or race; (2) theoretically meaningful such as age of onset, personality, biochemical markers, or other candidate genes; and (3) environmental characteristics such as poverty. Table 1 shows that in 60% (=29/48) of the articles the measured genotype was the sole risk factor and the analysis consisted of testing for 'main' effects on the prevalence or mean of a single phenotype. This seems remarkable because the etiology of these phenotypes is generally assumed to involve a complex interplay of multiple risk factors and the study of these mechanisms an important aim in the post-Human Genome project era. 1 In 19 studies the simultaneous effects of multiple factors were considered. However, in most cases the additional risk factors were the standard demographic characteristics. In seven studies clinical characteristics were included allowing conclusions that may be more meaningful from a substantive perspective. Interestingly two of these seven studies provided evidence for a complex etiology suggesting that the serotonin transporter gene might moderate the effects of the personality trait Neuroticism on smoking. 2, 3 Although one study selected subjects from high risk environments, none of the studies included an environmental risk factor. Thus, although important scientific questions may involve the mechanisms that describe how genes and environments work together, 4 this subject still receives little empirical attention. As long as their effects are independent and additive, it should in principle be possible to study genetic and environmental factors in isolation. However, as implied by evidence for genotype-environment interactions and correlations, 5 this assumption may be incorrect so that an integrative approach will be required.
Instead of merely testing whether or not a gene has an effect, measured genotypes can be integrated in statistical models of mental health. 6, 7 A first advantage of studying genes in the context of etiological models is that their effects may be more likely to be detected. One reason is power. For example, a gene that affects multiple phenotypes may be easier to detect in a multivariate analysis particularly if it affects the phenotypes via a common pathway. So using a sample of 423 sibling pairs and 42 singletons we were able to detect a locus that explained merely 0.3-0.5% of the variance. 8 Another reason is that genes may not work in a simple 'main effect' fashion. For example, it could exert its effects in severely deprived environments only 9 or influence the sensitivity to environmental fluctuations implying an effect on the variance instead of on the mean. 10 A second advantage of including measured genotypes in etiological models is that it may improve our understanding of psychiatric conditions. Measured genotypes represent a whole new class of epidemiological risk variables that may provide additional predictive power, shed new light on traditional research issues, and make it possible to examine the mechanisms that describe how genes and environmental risk variables co-act. In comparison with traditional epidemiological risk variables, measured genotypes have advantageous methodological properties arising from the fact that phenotypes or environmental factors cannot cause variations in genotypes. This property facilitates the evaluation of causal relations between health problems and their putative risk factors. SIR -Gamma-aminobutyric acid (GABA) is a major inhibitory neurotransmitter in the brain and several lines of evidence suggest that GABA A receptors play a role in the pathogenesis of alcohol dependence. [1] [2] [3] In animal studies, several loci related to alcohol withdrawal have been identified on mouse chromosome 11. 4 The corresponding human gene cluster on chromosome 5q33-34, encoding the ␤2, ␣1, ␣6, and ␥2 subunits of the GABA A receptor, may be susceptibility loci for alcohol withdrawal and other alcohol-related phenotypes. 5 Four human genetic association studies support a possible relationship between alcoholism and certain receptor subunit genes. [1] [2] [3] 6 In this study, five published single nucleotide polymorphisms in the GABR gene cluster, C1412T 1 in the last GABRB2 exon, C1236T (or Pro385Ser) 6 and T1519C 1 in the GABRA6 gene, A15G 3 in the last GABRA1 intron, and A123C 3 in the last GABRG2 intron, were chosen to test the association between the GABA A receptor (GABR) gene cluster and alcohol dependence in Taiwanese Han. The selection of study subjects has been described in detail elsewhere. 7, 8 Subjects who met the DSM-III-R diagnostic criteria for alcohol dependence, all with various extents of withdrawal symptoms, were included as cases, and controls were subjects who had never drunk or only occasionally drank small quantities, and were matched to the cases by ethnicity and sex. The mean age for cases was 39.4 years (range 21-69), and that for controls was 57.6 years (range 41-84). Any subjects born from an inter-ethnic marriage were excluded. Alcoholic status was assessed by mental health professionals using a standardized semi-structured clinical interview. 8 The alcoholics (n = 158, 94.3% were males) and controls (n = 149, 98.7% were males) were recruited from both the community and hospital wards in Taiwan with informed consent.
Genomic DNA was extracted from blood samples and the genotyping procedures for the five variants, have been described in detail elsewhere. 1, 3, 6 Despite the GABRA6 T1236 allele being quite common in American Caucasians, 6 it was not detected in the 307 Han samples tested in our association study, suggesting ethnic heterogeneity. Table 1 summarizes the genotypic distributions of the other four variants among Han alcoholic and control cohorts. Positive genotyping results were observed for the GABRA6 and GABRA1 variants, but not for GABRB2 or GABRG2 variants. By using the Fisher's exact test, a significant association was found between the GABRA6 T1519C or GABRA1 A15G variant and alcohol dependence in genotypic frequency (P = 0.006 and 0.027, respectively), but not in allelic frequency. The significant association of A15G was diluted after adjustment of Bonferroni correction. Controversial results [1] [2] [3] from other studies concerning the association between the GABRA6 variant and alcohol use disorder may have stemmed from either ethnic differences in allele frequencies, or differences in phenotype definition (the study by Sander et al 2 only includes severe alcohol withdrawal cases with seizure or delirium tremens). Significant deviations of the Hardy-Weinberg equilibrium were only observed among the genotypic distributions of the GABRA6 T1519C (P = 0.006) and GABRA1 A15G (P = 0.023) variants in cases, and the prevalences of both alleles, T1519 and G15, were significantly higher in cases. These association results suggest that the GABRA6 and GABRA1 genes in this cluster may play a somewhat dominant role in predisposition to alcohol dependence. The GABRG2 A123C variant, present in the same intron 7 as the GABRG2 G3145A variant used in our previous study, 9 also failed to reveal any significant association, reconfirming our previous negative finding.
